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Introduction 
Biogenic amines are organic nitrogen compounds with low molecular weight whose presence plays a vital role in oenology. They can be found in the grape must, but they can also be formed by yeast during alcoholic and malolactic fermentation, as 
well as during wine aging. Their presence in wine at high levels can lead to health problems. The most important biogenic amines in wine are tryptamine (TRP), putrescine (PUT), histamine (HIST), phenylethylamine (PEA), tyramine (TYR), 
cadaverine (CAD), spermine (SPM) and spermidine (SPD). The mostly used technique for determination of biogenic amines in wine is pre-column derivatization with dansyl chloride (DnsCl) and reversed phase-high performance liquid 
chromatography with diode array detector (RP-HPLC-DAD) [1]. Ultra-performance liquid chromatography (UPLC) coupled with triple quadruple detector mass spectrometer (TQ/MS) is recently introduced technique for biogenic amines analysis.  
 
The aim of this study was to compare the performances and critical validation points of two validated methods (HPLC-DAD and UPLC-TQ/MS), such as linearity, recovery, repeatability and reproducibility in order to point out their advantages and 
disadvantages and to choose right method for the laboratory purposes.  
Sample preparation (HPLC/DAD) 
1. 500 μl wine sample + 1000 μl solution of DnsCl (20 mg/ml) + 250 μl Na2CO3 
solution (0.4 M) in 15ml tubes  
2. Derivatization at 60 ºC for 45 min  
3. Centrifugation at 3500 rpm for 5 min -  transfer the supernatant into another 
tube and evaporated to dryness using a nitrogen evaporator heated at 40 ºC 
4. Add 500 μl  ACN and vortex for 5 min and ultrasonicated for 15 min  
5. Filtration with  0,45 μm filter (Agilent PTFE).  
6. 10 μl injection into the HPLC-DAD system 
References  Tašev K., Ivanova-Petropulos V., Stefova M. (2016). Optimization and validation of a derivatization method for analysis of biogenic amines in wines using RP-HPLC-DAD. Macedonian Journal of Chemistry and Chemical 
Engineering, accepted for publication. 
Results HPLC/DAD 
 
 
 
 
Range of determination, coefficients of the regression curves (slope and intercept), correlation coefficient (R2), LOD and LOQ 
 
 
 
 
 
 Standard additions method for checking the accuracy on real samples 
 
 
 
 
 
 
 
 
 
 
Range of determination, coefficients of the regression curves (slope), correlation coefficient (R2), coefficients of the regression curves in matrix, 
correlation coefficient (R2) in matrix, LOD and LOQ, SSE - Signals Suppression Enhancement 
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Sample preparation (UPLC TQ/MS) 
 
1. Dilution of the sample with 0.1% formic acid (ratio 1:3) and  
2. Filtration with 0.45 µm filter (Agilent PTFE).  
 
 
 
 
 
 
 
 
HPLC Gradient separation condition  
Varian Microsorb 100-5 C18 column (250 mm x 4.6 mm; 5 μm) 
 
 
 
 
 
 
 
 
Instrumentation 
 
 
 
 
 
 
Instrumentation 
 
 
 
 
 
Time/ 
min 
Solvent A: 
% 
Solvent B: % 
Initial 50 50 
10 20 80 
25 10 90 
27 10 90 
30 50 50 
Materials and Methods   
UPLC TQ/MS Gradient separation condition  
Agilent Zorbax C18 Plus column (100 mm x 2.1 mm, 1.8 µm particle) 
 
 
 
 
 
 
 
Time/ 
min 
Solvent A / 
% 
Solvent B /  
% 
Initial 80 20 
0.05 80 20 
3.00 20 80 
3.50 20 80 
3.75 20 80 
5.00 80 20 
Post run time 1 min 
Solvent A: water 5 mmol 
ammonium formate and 
0.1% formic acid (V/V), 
Solvent B: methanol with 5 
mmol ammonium formate 
and 0.1% formic acid (V/V)   
Solvent A: water, 
 
Solvent B: acetonitrile 
Agilent UPLC 1290 
system coupled with 
Agilent triple 
quadrupole LC/MS 
detector  6420  
Varian Pro Star HPLC 
system (ternary pump 
230, autosampler 410, 
PDA detector 330 and 
Column valve module 
with thermostat 500)  
HPLC chromatograms of biogenic amines in red wine Peak numbers: 1 – tryptamine,  
2 – 2-phenylethylamine, 3 – putrescine, 4 – cadaverine, 5 – histamine, 6 – tyramine, 7 – spermidine, 8 – spermine 
 
Biogenic 
amines 
Calibration range 
(mg/L) 
Slope Intercept R2 LOD 
(mg/L) 
LOQ 
(mg/L) 
TRP 0.05 - 10 800648.9 -43378.0 0.9979 0.01 0.04 
PEA 0.09 – 10 621432.4 -35326.6 0.9964 0.03 0.09 
PUT 0.05 - 10 86187.7 -36119.9 0.9989 0.01 0.03 
CAD 0.05 - 2 1849653.5 -84706 0.9988 0.01 0.03 
HIST 0.06 - 2 1097320.8 -57324.1 0.9983 0.02 0.06 
TYR 0.05 - 2 1367873 -53868 0.9978  0.01 0.04 
SPD 0.09 - 2 1996501.6 -85383.1 0.9994  0.03 0.09 
SPM 0.10– 2 1624648.5 -65967.1 0.9995  0.05 0.10 
Biogenic 
amines 
Found without 
addition 
0.2 mg/L 5 mg/L 10 mg/L 
Found 
mg/L 
Recovery 
% 
Found 
mg/L 
Recovery 
% 
Found mg/L Recovery 
% 
TRP 0.02 0.23 105 4.56 91 9.96 99 
PEA 1.29 1.45 82 5.76 90 11.2 99 
PUT 2.42 2.56 96 7.14 96 12.5 102 
CAD 0.16 0.31 78 4.63 89 9.40 92 
HIST 0.22 0.52 99 4.77 89 10.0 97 
TYR 0.82 0.99 82 5.22 88 10.3 94 
SPD 0.02 0.17 77 3.69 74 9.52 95 
SPM n.d 0.14 72 3.55 71 9.60 96 
Samples TRP PEA PUT CAD HIST TYR SPD SPM 
Red wine Repeatability (6 replicates in one day) 
<x> 0.02 1.29 2.42 0.16 0.22 0.82 0.02 n.d 
SD 0.00 0.09 0.20 0.02 0.02 0.03 0.00 n.d 
RSD (%) 7.06 7.34 8.41 11.7 11.1 3.80 11.8 n.d 
Red wine Reproducibility (3 replicates x 5 days) 
<x> 0.02 1.33 2.51 0.15 0.22 0.78 0.02 n.d 
SD 0.00 0.12 0.15 0.01 0.02 0.08 0.00 n.d 
RSD (%) 5.97 8.63 5.93 9.08 9.09 10.2 15.8 n.d 
Results for repeatability and reproducibility of biogenic amines (mg/L) in wine 
Standard additions method for checking the accuracy on real samples 
Samples SPD CAD PUT HIST SPM TYR PEA TRP 
Red wine Repeatability (6 replicates in one day) 
<x> 92.6 222 2112 5199 190 4557 103.3 2.81 
SD 1.38 6.47 9.07 50.7 1.09 20.3 0.89 0.22 
RSD (%) 1.49 2.91 0.43 0.97 0.57 0.45 0.86 7.89 
Red wine Reproducibility (3 replicates x 5 days) 
<x> 92.2 221 2109 5193 189 4566 103.1 2.70 
SD 1.32 6.16 7.51 64.3 4.28 19.3 0.91 0.21 
RSD (%) 1.43 2.79 0.36 1.24 2.26 0.42 0.88 7.56 
Results for repeatability and reproducibility of biogenic amines (mg/L) in wine 
BA Calibration 
range (µg/L) 
Slope R2 Matrix 
Slope 
Matrix 
R2 
SSE* 
(%) 
LOD* 
(µg/L) 
LOQ* 
(µg/L) 
SPD 10- 1000 203 0.9969 192 0.9975 95.1 3.00 9.00 
HIST 10 - 1000 466 0.9998 422 0.9949 90.6 0.50 1.50 
CAD 10 - 1000 85.8 0.9957 112 0.9953 131 3.00 9.00 
PUT 10 - 1000 85.2 0.9906 96.8 0.9958 114 4.00 12.0 
SPM 100 - 2000 258 0.9997 102 0.9906 39.2 30.0 90.0 
TYR 10 - 1000 292 0.9979 342 0.9998 116 1.00 3.00 
PEA 10 - 1000 572 0.9998 575 0.9997 100 1.00 3.00 
TRP 10 - 1000 410 0.9979 450 0.9988 109 0.50 1.50 
Biogenic 
amines 
Found without 
addition 
40  µg/L 100 µg/L 500 µg/L 
Found 
mg/L 
Recovery 
% 
Found 
mg/L 
Recovery 
% 
Found mg/L Recovery 
% 
SPD  68.5 107 96.5 182 113 507 87.6 
CAD  76.8 121 111 182 105 576 99.9 
PUT 199 236 92.5 314 115 738 108 
HIST  51.5 92.2 102 164 112 635 116 
SPM  <LOQ <LOQ / 103 103 521 104 
TYR 37.9 79.7 104 148 109 593 111 
PEA 40.9 84.5 109 152 110 600 112 
TRP  <LOQ 37.8 94.5 98.5 98.5 501 100 
BA 
Precurs
or ion 
(m/z) 
Prod
uct 
Ion 1 
(m/z) 
Prod
uct 
Ion 2 
(m/z) 
Ret 
Time 
(min) 
Frag
ment
or/V 
CE/V 
CAV
/V 
Polarity 
PEA 122 105 77 2.78 70 9 & 33 4 Positive 
CAD 103  86  82 1.24 65 9 & 5 4 Positive 
HIST 112 95 68 1.24 80 13 & 21 4 Positive 
PUT 89 72  / 1.25 45 9  4 Positive 
SPM 146 103 72 1.19 75 13 &13 4 Positive 
SPM 203 112 129 1.26 100 9 & 17 4 Positive 
TRP 161 144 117 3.05 70 9 & 25 4 Positive 
TYR 138 121 77  1.75 70 9 & 29 4 Positive 
UPLC-TQ/MS TIC  (total ion chromatography) 
200 µg/L  standard solution on Zorbax C18 Plus  
1. SPD, 2. HIST, 3. CAD,, 4. PUT, 5. SPM, 6. 
PEA, 7. TRP, 8. TYR 
ADVANTAGES AND DISADVANTAGES 
Criteria HPLC/DAD UPLC TQ/MS 
Sample preparation 45 min derivatization + N2 evaporation TOTAL 1h 5 min (just dilution) 
Analysis Run Time 30 min 5 min 
Flow rate  1 ml/min 0,2 ml/min 
LOQ 30 – 100 µg/L 1,5 – 90 µg/L 
Linearity 0,9995 0,9998 
Recovery satisfactory satisfactory 
Repeatability satisfactory satisfactory 
Reproducibility satisfactory satisfactory 
It was found that the main advantages of the UPLC-TQ/MS method are direct injection of the wine samples 
without previous sample preparation with total run time of 5 min and lower LOQ. Thus, the LOQ for histamine 
determined with UPLC-TQ/MS and RP-HPLC-DAD was 1.50 µg/L and 20 µg/L, respectively. On the other hand, 
45 min derivatization of biogenic amines is required for sample preparation and 30 min analyses run time for the 
RP-HPLC-DAD. In general, both methods are characterized with good linearity (R2 > 0.9950), satisfactory 
recovery, repeatability and  reproducibility. 
 
